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‘~~‘Vet ’ t I m a t  CI’ 1 , 11S are ~IV I  i i  .ih i t ’ for  the i n t e r  in r e stor at  i 011

(5 ~.i I n~~) Of en d odo n t i c aL’cc~~’; Open i n~ s. l’h e e f fe c t  ~ve nL ’ss of

t h e  n i a t e r i a  I s in p r e v e n t i n t Z  the  i n g r e s s  and egress of sa l  ivar

i otis and ha c t I.’ 1’ 13 iS (I epend Cli t U~iOn OLIIU croil S phi’ S 1 t’ 1 and mech an I —

Ca I t : I  c tOi ’ s . One sach f a c t o r  is St ress rd I x a t  ion , a t~radua 1

d ec r ease ill st ress  t in d e r  a c o n s t a n t  s t r ai n .

I’h e p a u c i t y  of in f o  ilnat ion on the r e l a x a t i o n  .13eh iv i or of

i n t e r i m  re s to rat  ives  led to in  it i at  ion of the  pi’esent s t u dy .

Mat er i a is and M ethod s

l e s t  m i t  cr1 a Is inc luded  an un InoLl i ~ I ed inc  ox i de-eus ~eno I
* +cement  , a re s i n  r e i n  force d  z i n c  o x i d e — e u  eno I ce~I ent  . I RM

(:av it and a i~ti t t a — pe r ch a  t empor arv st onp i ng

S l u r r ie s  of the u n m o d i f i e d  z inc  ox i d e — eU g e f l o  I cement were

m i x e d  u s i n g  r e s p e c t i ve  p o w d e r — I  i q u i d  po~’t ions  ot 5 gm. and I m l .

* Z i n c  ox ide nowder , Mal 11 n c k r oj t  Chem i ci l Works , New No rk NY

(IS P eugeno 1 , ‘f a gt i t i s  , Mahe e and Revnar d , T u e .  , New York \y

+ i’h c I.. I) . Cau 1k Co. , Mi I ford , 1W

~ Pr em i e r  I)cntal Products Co. , Ph i l a d e l ph i a , P A .

U The Ilygeni c Dental M a n u f a c t u r i n ’~ Co. , Phi I de ip h i a  , PA.
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l h  e ~lIlO OflcI1 t s of t h e  res  i l l  r e i i i  t o  i’c c i  c el le n  t were propo rt  i o i i e d

and in i xed in  , tC t ’O rda n e  e w i t  Ii i t  s m ant i  f t c  t t i r er  i n s t  ru ct  ions

The c CIIICII t S WCF e 
~~~ ked I nt o 4 \ S mm . cv Ii ndr it ’ l l  ‘l e t ’ Ion m o l d s .

C t v  it i~ is ex~’rcs se~I from lIlet , t l  LIbCS il id c~ i i t le i iS t ’d i n t  o s I m ii ar

no lis . Segments  ( S mm . ) o t’ gut  t a— per cha were  cu t  t ra In rods

t h a t  had ~I i . un e t er s  of ’ abou t 4 inn . A l  I s p e c im en s  t~ere s t o re d  a t

3~~ C. and 100 percent  i’eI it i v , ’ h u m i d  i t v  t ’or 2.1 hours b e f o r e

f u r t h e r  h at id i i  I1~ . The ends at ’ the 24 h o u r — o l d  test p i e c e s  were

su r f aced 
~ l in e  and p e r p e n d i cu l a r  to t h e i r  a x e s .

• l a  d e t e r m i n e  the  a p p r o n r i l t e  m a g n i t u d e  at ’ :inp l j et! s t r e s s

for  COmlxl!’It jVe ass essmen t  of the relaxation heh iv i c r  of t h e

t e s t  m a t e r i a l s , t h e  fo l  l o w i n g  procedure was eni p loved . S i x

incus  of e i c l i  m a t e r i a l  w e r e  su bj e c t  ed to c o m p r e s s i v e  t e s t  i i i ~

on a t’O l lSt , i it  s t r a i n- r a t e  t e s t  i t i t ~ m a c i i i t i ~ . Test lag was COIl -

duct ed un der  ambien t  1 aborat or~’ cond it io n s 1. 22 ~ 2 ° C . lilt1 50± :~-
~

r e l a t  ly e  h t i m i d i t v )  i t  i c r c ssh ead  speed at ’ 0 .02  i nch pci’ m i n u t e .

i~I i st ic 1 u n i t s  o t ’ t he  temporar y  r osto ra t  ive s  est m a ted front

load t rae j u g s  r an t~ed from ~00 psi  fo r  g ut  t a-per cha to 2 - ~0t) p si

lot’ IRM. Stress — stra in  r e l a t i o n s h i p s  in d i cated t h a t  a max irnim

stress of -100 psi  could  be app l i e d  t r ut s l e n t  I to -I N S 111111.—

spec i ln ens  ot ’ t he t e s t  ma t er  i i s  w i t  hot i t  i ndtic i ~~ permanent

defoun at  b it .

~l St ress less t h a n  the  ci ast Ic I m i  it of in~’ test mat  eri i I

~) Inst ron Universal ‘lest  ing Machine , Inst ron Corp . , Canton •
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Relaxation measurements were made within :1 constant tem-

perature water bath at nominal temperatures of 11 , 22 , 30, 37, 45

and 5 ° C. Each specimen was compressed axiall y at a strain-rate

of 0. 02 inch per minute. When a stress (S) of 400 Psi was attained ,

descent of the mach ine’s crosshead was terminated . Subsequent

relaxat ion of the test pieces yi elded a measurable stress loss

w i t h  no change in s t ra in .  Stress was measured at ti -second inter-

va l s  over a 60-second period . Six spec imen-lots of each interim

restorative were tested at each exnerimental temrerature . To corn-

pensate fo r  inheren t  error caused by r e l a x a t i o n  of the t e s t i n g

— m ach ine , a relatively noncompressihle 4 N 8 mm. stainless steel

rod was exnosed to the test nrocc’dure before and after the corn-

nression of three exu erimental cy l inders .  The r e s u l t i n g  sy stem -

re laxat ion pattern was used to adjust (normal ize)  the experi-

mental data )~~

Resul t s

Fractiona l stress loss (D r / S )  curves as a function of t ime

at a spec i f ic  test temperature are shown in F i g .  1.  Fractiona l

stress los s did not exhibit  a linear re la t ionsh ip  to t ime .  How-

ever, plots of fractional stress loss versus in ( t ime + 1) were

straight lines. The slopes of these lines defined the relaxation

rates of the interim restoratives .

R ela t ive  relaxation rates of the test mater ia l s  as a func-

tion of temperature are depicted in Fig. 2. Variations in re-

— laxation rates over the experimental t emri era ture range were com-

plex . Relaxation rates for Cavit increased exponentially

— 3 -
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b e t  ween t cinp erat  ures at ’ I I  t o  3~ 
° C. • b u t  ~Iecreasu ’J exp onent  i a l l y

at t e m p e r a t u r e s  r an~’, i ng t ront 37 to  5~ ° C. The r i t e  o f ’ s t r e sc  i ’e—
it l

1 ax it ion e x h i b i t e d  1w spec itneils formed f rom unniod i lied i tic ox ide—

cu , en o l  cement was  c a n st  .int be t w een  11 and $7~’ C ,. but exp onent  i a l

bet~ ‘en 3’ an~l .- t ~
° C. R e l a x a t  ion ra tes  of IRM w er e  c on s t a n t

between I I  and 22 ° C. a nd bet wet ’fl 3’ and I ,,° C. I l ow ev e r  , t h e  st re ss

r c l a x a t  i o u  r i t e s  at ’ t he l a t t e r  r e st o r at  ly e  v a r i e d  l i n e a r l y  between

r e l i t  i v e l v  m o d e r a t e  t empera tu res  at ’ 22 to 3’° t ’ .

A1’a v e 22 0 C. , gut t i  — ~ercha deformed p l is t  i c a l l  v upon th e

app 1 icat ion of in external s t r e s s  of’ -tOt ) r”~ 
. l’hcret ’ore . it s

re I ixat ion over the en t i r e  range of exper i f l i e l i t a  1 t eI f lpcra tU l’eS

could  not  be measured .

~a lui~’s for  tot i I st l’i’~ S loss it  (~0 second s ( I )  !5 / ( .~( t )  for

eac h m a t  c r i a l  i re  ~‘iven  in  t he  t a b l e .  Stress  losses tar tile 110—

mod if i ci z i n c  o x i d e —  eut~en ‘1 cement m d  for  I !~‘I t ended to I ne l’ e i  se

a~ er the  ent i r e  ex~ er in t en t  a I t empera tur e  r ange .  St ress losses

for C t v  i t  peaked t~ i t h i n  a r e l a t i v e l y  nar row t e m p e r a t u r e — h a n d

at ’ 30 to 45 ° ( ‘

D i s c u s s i on

‘the interim rc ’stor .it  ion f u n c t i o n s .  in p ar t  , as a s t r a i ne d

c l o s u re  dcv ice. ‘ I i  Ii , but r e l at  i v e l v  c o n s t a n t  for ces  e x er t e d

i r a  i list t h e  w a l l s  of an access open i n~ 
by such ,i dcv l e t ’ p1ay a

~ ~~
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p r o m i n e n t  role in d e v e l o p m e n t  and m a i n t e n a n c e  of t h e  sa -ca  l i e d

ia r ~ i n a l  se al. It t’ol Iat ~s , t hat  t -x c e ’ s i v e  r e l a x a t i o n  of a r e s t o r a —

t to n t~ in ~ i t s  exp asut ’ e t o  transient mast  i c a t o r v  s t r e s s e s  or to

s t r e s se s  in duced by r i p  Li eve l i ~ t eln e ra t u r e  c h a n g e  would  weaken

the  S ’ i  1

h i t ’ ah i  l i t  i t ’S ot i’e s to i’ it  ~\ es to m a i n t a  in an t’t~~t-c t ive mar—

i n ,t l seal  va r y  w i d e l y . ~~ Add i t  i o u i a l  Iv , U~ Ofl exposure  to

cyc I c t eIlI:’ t ’i’ ,I t t i  I’e elt in gi .’ • some mat ei’ia i s  t h a t  p er fo rm t~ cli at

uici ’ma 1 mou th  t e m p er a t u r e  a I low inc reased  p er nuea t ion a t ’ t he t ooth-

i’es t o r , t t  io n phase b oundar 1w i c 4 and uut i c 1’oor ,i~an i sms. The

at ’ol’ elne nt  ionej  ohsei ’vat  ions sugges t  t h a t  e X ces s  ive  intet’na I st i ’ess

d i fferent i a Is created by d ra st i c e x p e r i m e n t a l  t emp era tu re  cit ing e

c a u  ~‘oti t r i b u t e  to the app ar en t  Ca j i l l  re of cert i in t empora ri’

r e s t  a r i t  iV t ’s

Sti’es’ loss p a t t e r n s  of the m a t e r i a l s  examin ed  in the  presen t

st u d ”  r e f l e c t  t h e  e f f ec t s  at ’ t i me , t empera tu re , appl j et! s t re s s

•u ’ p i led ‘~t r i  in  and St i ’i  in r a t e .  From the  d a t a , i t  i s  c l e a r  t h a t

the mater ia Is  exh i  b i t suht  Ic as w e l l  as mark e d d i f f e r e n c e s  in r e—

l a x i t  ion b e h a v ior .  These d i f f e r e n c e s  wou ld  appear t o  be n~a n i  —

t’estat jaits of compos i t i o n a l ant I s t r u c t u r a l  t’e i t u r e s  un i que to 
I 

I 
-

each i n t e r i m  r e s t or a t i v e .

In norma 1 func t ion t r , ins lent  t empera tu re  changes occur w i t h i n

th e  ora l  c i v  its ’ . h owever • it is se ldom t h a t  e i t h e r  the  n a o m i  tud e

or the durat ion of ’ chant ~c is suft ’ic  ient to provoke marked a l t e r a t i o n

-5-
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of t he anub lent t elipei’atu i’es of flOft 101 a l i i  c t cm p orau ’v r e s t  a i’ i~ j y e s .

. \~ or nea r nL ’l’:ia !n lu t h  em~’e1’~it u r~’ , t h e  i’ t ’ l , i x a ~ io n l’ L sp an ’~e of

unmod i i ’ied z i n c  O\ i d o — e u r , cuia  I cenl’’iI t i ~ s It~fl i t i cant  lv  l ess  t h i n

the  ~cs 1’olls es of I ~t and iv t , ‘Ih ere t ’ore . w i t h  ri ’s~’ec t t a i’d l x i  -

t j on  beh av 1 or , t he  c l i  i i i  c i i  c ip a t i  i i i  t V of z i liC OX i d e —  cii 01101 c Ch I co  t

t O  m i  I itt jill an e tt uc t j y e  ma ri~ iut a 1 s e l  I woo l d he e \h ’ t ’c t ed  to exc eed

t he c i p u b i  I i  t v  of e i t h e r  IR ~’! ~ r C R - I t

I t 111115 t be pa in ~~ on V t i j i t s t r e s s  re l u  xa t ion bch av or  can

not  be used as the  so Ic t’r i  t er ion  f o r  S I ’ l ec t  io n at ’ :i spec i f L~

n i t  cv i  a I for  e 1 1 1 1 1 ca I ap p I i  c i t  ion . How o~ cv , r e t  i i  z a t  ion at  t h e

deg ree to  w h i c h  i ’e lax ~ t ion m ay occur  i S  e s s e n t  i i !  to  t h e  ra t  i o n u i

m an , loe rn en t  of endo d ont  i c i l  lv i n v o l v e d  t d t ’~ I i .

Sunlm i rv

‘~t l’es s i’d I X i  t ion a C t oi l r V ( ‘nIp e r i  i~ ’ rest art t iv i ’s was s t u d  i ed

In t h e  v i c in  i t  v of ihub i en t ‘loll t h t t m ” e r ~i t t i r e  , t he i’e I ax a t  i on

i’hi i~’ m c t t ’i ’ i s t  i t ’s of a u u n m o d i f i e d  z i n c  ox i d e — e i i ’~euta I cement  i~t’l’ e

more’ t , t vorai ’  I c  than  t hos e  of I R~! a nd C i v  i t  . Ih e  1’ l a s t  i c bcha v j a r

a t  I~~I I  t t h u  — I)I,’l’(’J l , j  te!npu ’ri rv st app I n ’~ ~rec I u ded ass dsSlIiell t of I t S

u ’e l a x a t  ion . it  t e u n p e i ’ i t u r e s  i n  e xcess  of 22 0 C.

— ( 1 —
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Ie - :en . . l s l’o i’ 1:i gilves

}h j ~ I , Tvp i c , i t t’r a c t i o p i I  sti’ ’Ss less  c u r v e s  of i n t e r i m

r e s t or a t  i\  C S .  Ihxper iment u I temperature was 22 ° C.

F i~~. 2. !~ ‘1,i ti ve rm.-’laxat ion i ’atcs  01’ interim r e st a l ’ a tj v e s .
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